content of the diets was measured in a ballistic bomb calorimeter (Gallenkamp, London), dietary fibre of the 'fibre-filler' by the method of Englyst et al. (1982) , phytate by a modification of the method of Tangkongchitr et al. (1981) , P by the micromethod of the Association of Official Analytical Chemists (1 9 8 0 4 , fructose by high-performance liquid chromatography, ascorbic acid by the microfluorometric method of the Association of Official Analytical Chemists (1980b) and citric acid by a U.V. method (Boehringer Corporation, London).
Expt 1 Adult male Wistar rats, mean weight 333 (SEM 5.6) g, were randomly allocated to six groups of twenty animals. After an overnight fast they were given a test meal of 3 g H F or LF diet, extrinsically-labelled with 0.5 pCi 59Fe, 1.0 pCi 65Zn or 1.0 pCi 47Ca as follows: group 1 HF, Fe; group 2 HF, Zn; group 3 HF, Ca; group 4 LF, Fe; group 5 LF, Zn; group 6 LF, Ca. The test meals were prepared by mixing the diet to a paste with distilled water containing isotope and leaving to stand for 1 h before feeding to the rats to ensure complete isotopic exchange.
The rats were individually counted for radioactivity in a whole-body counter (WBC) immediately after consuming the meal (designated day 0 of the experiment) and 7 d later (day 7), and retention expressed as percentage of day 0 after correcting for background and decay. Since the rate of turnover of Fe and Ca is very slow, day 7 retention approximates to true absorption. Zn, however, is turned over more rapidly and day 7 retention only approximates to 'apparent' absorption. True absorption is somewhat higher, depending on the rate of turnover (Caprez & Fairweather-Tait, 1982; Fairweather-Tait et al. 1985b ). Since all groups were given the same diet (semi-synthetic control diet) after receiving the labelled test meal, any subsequent effect of diet on Zn turnover would be similar and differences in apparent absorption would be related to the previous diet or composition of the test meal.
Expt 2 Two groups of 120 rats with a 4-week age difference were used in an attempt to equalize their body-weights at the time of giving labelled meals. However, for logistical reasons it ' Fibre-jller ' and Fe, Zn and Ca absorption was necessary to complete the experiment before the second group of animals had quite reached the same weight as the first group. The older animals were allocated to six groups of twenty animals and three given the H F and three given the LF diet for 3 d. On the 4th day they were given a meal of 5 g cooked starch-sucrose (1 : 1 w/w) paste containing Fe, Zn or Ca in the quantity equivalent to that found in 3 g H F or LF diet, plus 59Fe, 65Zn or 47Ca isotope. Each mineral was given to one group given the HF and one given the LF diet. Each rat in the Fe groups was given 200pg Fe as FeS04.7H,0 plus 1 ,uCi 59Fe, the Zn groups 150 ,ug Zn as ZnC1, plus 1 pCi 'j5Zn, and the Ca groups 15 mg Ca as CaC1,.6H,O plus 1 pCi 47Ca. Mineral absorption was measured as described previously.
The younger animals were also allocated to six groups of twenty animals and three given the H F and three given the LF diet for 28 d, by which time they were approximately the same weight as the animals tested after 3 d on the diets. The same procedure was carried out as before to measure mineral absorption.
Expt 3 Twenty animals given the H F and twenty given the L F diet for 28 d (from Expt 2) were examined for Fe, Zn and Ca status. They were anaesthetized under diethyl ether, and blood was removed by cardiac puncture and transferred into heparinized tubes. Blood haemoglobin (Hb) was measured by the cyanomethaemoglobin method using Drabkin's solution (Cannan, 1958) . The remainder of the blood was centrifuged and the plasma removed for Ca measurement by atomic absorption spectroscopy (AAS). Livers and right femurs were removed from the animals and freeze-dried. The livers were analysed for Fe and Zn, and the bones for Zn and Ca by AAS.
Mineral analysis Samples for Fe, Zn and Ca analysis were ashed in silica crucibles at 480" for 48 h, the ash taken up in warm concentrated hydrochloric acid, made up to an appropriate volume with distilled water and measured by AAS on a PU9000 AAS (Pye Unicam, Cambridge) with background correction, using reference materials supplied by the National Bureau of Standards (Washington, USA). WBC Mineral retention from test meals was measured using 59Fe, 65Zn or 47Ca gamma-isotopes (Amersham International plc, Amersham, Bucks) in a NE8112 small-animal counter (Nuclear Enterprises, Edinburgh) which has been described previously (Fairweather-Tait & Wright, 1984) . Counting efficiencies for 59Fe, 65Zn and 47Ca were 50, 25 and 45% respectively. Statistical analysis Differences between the H F and LF groups were tested for significance by unpaired t tests. The relation between body-weight and mineral absorption was examined using the statistical package GENSTAT (Alvey el al. 1977) to calculate correlation coefficients. The effects of length of time and type of diet on mineral retention were examined by two-way analysis of variance (Snedecor & Cochran, 1967) . Mean values for LF diet were significantly different from those for H F diet: ** P < 0.01, *** P < 0.001 t For details of diets, see Table 1 . Table 3 . Absorption of both Fe ( P < 0.01) and Ca (P < 0.001) was significantly higher from the HF than from the LF diet, but there was no difference in Zn availability between the two diets. Expt 2 The mean rat weight on the day of the test meal was 260 (SEM 2.3) g (n 99) in the groups tested after 3 d on the H F or LF diet, and 218 (SEM 2.6) g (n 11 1) in those tested after 28 d on the H F or LF diet. Because of the possibility of an effect of body-weight on mineral absorption, for example with Fe in young rapidly-growing rats , the relation between body-weight and mineral absorption was examined, but no significant correlation found.
The percentage mineral absorption by rats previously given H F or LF diet for 3 or 28 d from a solution of Fe, Zn or Ca given in starch-sucrose paste is shown in Fig. 1 . When tested by two-way analysis of variance, the results demonstrate an effect of length of time on the H F or LF diet on Fe absorption (which fell with time) but no effect of diet. Zn and Ca were both significantly affected by length of time on the H F or LF diet and by the diet itself. Zn absorption fell with time, but was higher in the LF-fed animals at both time periods. Ca absorption was also higher in the LF-fed animals, but in contrast to Zn it increased with time.
Expt 3 The blood Hb and liver Fe levels are shown in Table 4 . There were no differences in blood Hb or liver Fe concentration, but total liver Fe was significantly lower (P < 0.05) in the H F group. There were no differences in plasma Ca, liver Zn, bone Zn and bone Ca between the two groups, also shown in Table 4 .
DISCUSSION
There are a number of reports in the literature suggesting that some forms of dietary fibre reduce mineral absorption ; other substances in fibre-rich foods have also been implicated as interfering with mineral availability, such as phytate. On the other hand, some studies show that dietary fibre has no effect on mineral metabolism or nutritional status. Therefore it is impossible to predict from the literature the short-and long-term effects of a high-fibre diet of mixed origin (i.e. cereals, nuts and fruit) on mineral status or on the ability of the body to absorb minerals. The F-plan diet (Eyton, 1982) has received much publicity and millions of copies of the book have been sold throughout the world. Thus, 'fibre-filler' is being consumed by large numbers of people, and the metabolic consequences of such a radical increase in fibre intake is an area of great concern to nutritionists and the medical profession.
Most studies indicate that dietary fibre is not a major determinant of Fe availability but that some types of fibre interact with Fe to reduce availability. Bran, but not pectin or cellulose, has a modest effect on Fe availability in human subjects; Fe absorption was reduced from 2.26 to 1.07% when 5 g bran was added to an 80 g muffin (Cook et al. 1983) . A similar effect was shown with 12 g bran added to a light meal; absorption decreased from 3.46 to 1.69% or, in the presence of 100 mg ascorbic acid, from 9.29 to 3.89% .
The absorption of Fe (when measured from 3 g of a diet extrinsically-labelled with 59Fe) was greater from the H F (34.9 (SEM 2.2)%) than from the LF diet (25.5 (SEM 1.7)%). Thus it may be concluded that ' fibre-filler', the major source of Fe in the H F diet, contains Fe which is relatively well-absorbed. The relatively high content of fructose (95 g/kg ' fibre-filler '), ascorbic acid (350 mg/kg) and citric acid (571.5 mg/kg) derived from the fruit in the 'fibre-filler' may be responsible for the higher absorption of Fe. These enhancing factors obviously had a more potent effect than the reputedly inhibitory effect of phytate (7-0 g/kg). In fact, when the detrimental action of bran on Fe absorption was investigated in detail, it was found that removal of phytate did not alter the inhibitory effect on Fe absorption, and that the soluble, phosphate-rich fraction of bran was more inhibitory than the insoluble, high-fibre fraction . Furthermore, fibre in fruit and vegetables has no effect on Fe balance in humans (Kelsay et al. 1979) . It is therefore not unduly surprising that the Fe in 'fibre-filler' is quite well absorbed.
When the capacity to absorb Fe was examined in rats that had previously been on the H F or LF diet for 3 or 28 d, using FeSO, in a starch-sucrose paste, there were no significant differences between the two dietary groups. However, Fe absorption was higher in rats given both the H F or LF diet for 3 d than for 28 d. The most likely explanation for this finding is that the control diet fed to the animals before the investigation contained little more than half the Fe of the H F and LF diets. Thus during the 28 d of feeding these experimental diets the animals were able to increase Fe stores and improve Fe status, thereby reducing Fe requirements, resulting in a fall in absorptive capacity for Fe (Heinrich, 1970) . The reduction in total liver Fe in the HF-diet group (P < 0.05) does not logically follow the fact that Fe was better absorbed from the H F diet. It may, of course, be an artifact compounded by multiplying the liver Fe concentration (slightly lower in the H F group, but not significantly different) by dry liver weight (again slightly, but not significantly lower in the H F group). Alternatively, the explanation may be that the animals had gradually adapted to the H F diet, perhaps by altering their 'mucosal setting', and absorbed less Fe over time, thus decreasing Fe storage in the liver. It has been shown that there is a profound influence of dietary Fe levels on subsequent Fe absorption, probably mediated through the intestinal mucosal cells (Fairweather-Tait et al. 1 9 8 5~) .
Thus, if the rats are presented with a more available source of Fe, in the form of 'fibre-filler' containing enhancing factors (fructose, ascorbic acid and citric acid), then subsequent capacity of the mucosal cells to take up Fe from the lumen and transfer it to the body might be depressed (in order to maintain Fe balance and prevent Fe overload), since there appears to be no homeostatic mechanism for excreting Fe.
The effect of fibre on Zn availability is less controversial than that of Fe. Most studies ' Fibre-filler' and Fe, Zn and Ca absorption show that bran, particularly hemicellulose, decreases Zn balance (Kelsay, 198 1) . However, it is interesting to note that with Zn there is some evidence that the body is able to adapt to low-Zn intakes or diets containing Zn of low availability. One study showed that human subjects given large amounts of unleavened wholemeal bread initially went into negative Zn balance, but after 50 d Zn balances became positive (Campbell et al. 1976) . Since Kies et al. (1979) found that hemicellulose resulted in negative Zn balances in adult men which remained negative for at least 14 d it is clear that the time taken for this adaptive process to occur is weeks rather than days. The 28-d feeding period in Expt 2 is about 5 % of the life-span of the rat, which is a relatively long time and should be large enough to demonstrate whether adaptation had occurred or not. However, the possibility that changes in mineral metabolism would occur with even longer-term feeding cannot be discounted. There was no difference in Zn availability from the H F and LF diets. However, animals previously given the H F diet absorbed significantly less Zn from the Zn salt than those given the LF diet, after feeding the diet for 3 or 28 d. As in the case of Fe, absorption from both groups was lower after 28 d than after 3 d, although the difference was less marked than with Fe. This fall cannot be explained in terms of Zn concentration in the diet because unlike the case with Fe it was lower in the H F and LF diets than in the control diet. There are at least two possible explanations for this observation: (a) that the Zn status, or some other nutritional index, of animals on the H F and LF diets for 28 d was different from those fed for 3 d, or (b) that there is some component in the H F diet that modifies the ability of the intestine to absorb Zn, or a combination of (a) and (b). Commercial rat pellets (CRM; Labsure) containing 99 g dietary fibre/kg have been shown to increase mucosal cell proliferation compared with a semi-synthetic diet containing 40 g cellulose (Solkafloc)/kg as the source of dietary fibre (Southon et al. 1985) , and similar effects have been observed with guar gum (Johnson et al. 1984) . From these results it has been postulated that the increase in cellular proliferation results in a higher proportion of immature cells in the absorptive surface of the intestine, and that uptake and transport of nutrients is consequently reduced in line with decreased maturity of the cells, reduced enzyme levels, etc. Since there was no evidence of any difference between the H F and LF groups in the indices used to assess Zn status, i.e. liver and bone Zn, after 28 d, it appears that 'fibre-filler' does not adversely affect Zn status. The H F group showed a consistently lower ability to absorb Zn than the LF group after 3 and 28 d, which negates the hypothesis that animals can adapt over time, and agrees with findings of Bagheri & Gutguen (1982) .
Ca balance has been shown to be adversely affected by cereal and fruit fibre. Cummings et al. (1979) found that the addition of 3 1 g wheat fibre to the daily diet for 3 weeks resulted in subjects going into negative Ca balance. Urinary Ca increased which led the authors to conclude that the dietary fibre was impairing Ca absorption. A similar effect was shown with a cellulose-apple supplement, but in addition a fall in plasma Ca was demonstrated (Ismail-Beigi et al. 1977) . Results from Expt 1 showed that more Ca was absorbed from the H F than the LF diet, yet the ability of the intestine to absorb Ca from a Ca salt was greater in animals previously given the LF diet. As in the case of Zn this may be due to a modification by the H F diet of the intestine's capacity to absorb Ca, or the reduction in Ca absorption may be a direct result of enhanced Ca absorption on the H F diet. The latter explanation is unlikely since the plasma and bone Ca levels in the H F and LF groups were similar after 28 d on the different diets, thus indicating no change in Ca status, i.e. the correct maintenance of Ca homeostasis.
In conclusion, it appears that 'fibre-filler' has no major adverse effect on Fe, Zn or Ca metabolism in the rat. It appears to modify the capacity of the intestine to absorb minerals in that animals given a H F diet have a reduced ability to absorb Zn and Ca but their status is unchanged after 28 d on the diet. There is no sign of adaptation to the diet in terms of alterations in mineral absorption over the time-period studied (5% of the life-span of the rat). Further work is required to assess the implications of extended periods of consuming 'fibre-filler', in particular more sensitive measurements of change in Fe status. If these results are applicable to man the hypothesis that high intakes of fibre in the F-plan diet have a detrimental effect on Fe, Zn and Ca status is not substantiated.
